COlSl ii<Uj^ VUi<^ AA l.t>. I. .^J^ 



JONATHAN S. SIMON 
09/829,748J5346-05)^ 



FIG. 1 



ON/OFF 



ON/ ^ ON/ / ( V4 H ON/OFF 

OFF OFF// 22 

VI )^ { V3 ^ 



ON/OFF 

^ V5 



V )^ ON/OFF 




VALVES 
MOTORS 



SECTION 
CONTROLLER 



ON/OFF ~-H V6 



JONATHAN S. SIMON 
09/829 J48 (5346-05)^ _ 




o 

A 




1 






A ; 






CO 



A A A ^ ^ 






odd 

AAA 



7^ 



CO 



A C 



A O 




7^ 



CO 
00 



oo 



■A A 



| A f A 



cn 



A A. 



/V 



OO 



A. 



I 



D><] ^ 



,.jQ 



4) 



00 



[><:3 



cn 



7\ 



in 



TV 



"TV 



CONTROL FOR AN LS. MACHINE 

JONATHAN S. SIMON 
_ 0 9/829 J48 (5 346-05) 




CONTROL FOR AN LS. MACHINE 
JONATHAN S. SIMON 
09/829,748 (5346-05) 



oo \0 

QoQo 




CONTROL FOR AN I.S. MACHINE 
JONATHAN S. SIMON 
09/829,748 (5346-05) 




CONTROL FOR AlS x.S. MAC^^i.\^ 
JONATHAN S. SIMON 
09/829,748 (5346-05) 




CONTROL FOR AN I.S. MACHINE 
JONATHAN S. SIMON 
09/829,748 (5346-05) 



oo 



00 



o 



i 



7\ « 



1 



\ 



On 



I 



CO 



ON 



7\ 









A 




3 




J ON 



£22 



a 



7\ 



o\ 



£2j 



■>\ Os 



vAAAA/UVr-^ f 



d 




CONTROL FOR AN I.S. MACHINE 
JONATHAN S. SIMON 
09/829,748 (5346-05)_ __ 



OO 

d 




O A OA 



CONTROL FOR AN LS. MACHINE 
JONATHAN S. SIMON 
09/829,748 (5346-05) 




oo 

d 



o 

[r i 

i — \ 



OO 



o 



d do d 

o o o o 

r/. ai cc al 

^^^^^ ^^^^^ ^^^^1 ^^^^n 

t^^^ ^"t^ ^^^^ ^v^^ 



CONTROL FOR AN LS. MACHINE 

JONATHAN S. SIMON 
__ 09/829,74_8i_5346-05) 



^^^^ 

o 



h A A, 

7\ 




515 



2 



oo 



^ pq 



u 



^^^^ 



o 



> >> 



C/5 



A 



p. 



7^ 



7\ 




m 

Q 
O 

:z; 



7\ 



CO 



CO 

1^ 



O >V7VX 



CONTROL FOR AN LS. MACHINE 
JONATHAN S. SIMON 
0 9/829, 748 (5346-^5) 



FIG. 1 1 







G 


H 


1 


EVENTS 


ON 


OFF 


2 


GOB INTERCEPTOR 


334 


14 


3 


BLANKS CLOSE 


324 


130 


4 


BLANKS OPEN 


130 


321 


5 


PLUNGER UP 


33 


123 


6 


FIRST BAFFLE 


9 


125 


7 


PLUNGER DOWN 


127 


327 


8 


FUNNEL 


1 


150 


9 


SETTLE BLOW 


1 


1 


10 


PLUNGER COOLING 


150 


260 


11 


INVERT 


200 


260 


12 


NECKRTNG OPEN 


274.5 


283 


13 


REVERT 


282 


172 


14 


MOLDS CLOSE/OPEN 


229 


170 


15 


MOLD COOLING 


10 


150 


16 


FLOWHEAD 


290 


113 


17 


FINAL BLOW 


348 


120 


18 


TAKE OUT IN 


137 


197 


19 


TONGS CLOSE 


178 


78 


20 


TAKE OUT OUT 


197 


90 



CONTROL FOR AN I.S. MACHINE 
JONATHAN S. SIMON 
09/829,748 (5346-05) 



o ^ 



> 



^^^^ 



o 



I 



:2; 

w 

o 

O 
oS 

w 
:z; 



— >- 



A A 



2; 



GO 



i 



7\ 



"7\ 



A 



I 



o 



A...A- 



I 



O 



< < 



AAA A^ A^I A 



<- 



I 



O 

CO o 



^ ^ 



I 



AAA 



O 
O 

CO 

:^ 

CQ 



A i A 



7^ 



o 



A 

AT A 



"TV 



"7\ 



7\ 



7\ 



o 



o 
o 



A A 



fX( 



£22 



\fOl\ 



o 



A i A. 



7K 



4^ 



7\ 



O 

Q 

< 
O 

o 
o 



"7\ 



o 



o 

Q 

a. 
< 

CQ 



1^ 



Oh 

< 



S8S 



I 



o 
oo 




O 

Q 

< 

o 

CQ 



I 



o 

CQ 



-i L 



/\ A A 



i 



I 



D 



7\ 



£2n 



< 

CO 



< 

XI 

CQ 



CONTROL FOR AN LS. MACHINE 
JONATHAN S. SIMON 
09/82 9,748 (534 6-05) 



A A 



AAA 



PQ 
O 




CONTROL FOR AN I.S. MACHINE 
JONATHAN S. SIMON 
09/829,748 (5346-05) 



FIG. 13 



DEFINE A NETWORK 
CONSTRAINT DIAGRAM 
FOR A BOTTLE FORMING 
PROCESS IN AN I.S. MACHINE 



TRANSLATE THE NETWORK 
CONSTRAINT DIAGRAM 
INTO A DATA TABLE 



DATA TABLE "N" 



TRANSLATE THE DATA 
TABLE INTO MATHEMATICAIl 
REPRESENTATION 



COMPUTERIZED 
MODEL 



FIG. 14 



EVENT ANGLES 

MACHINE CYCLE 
TIME 



UNWRAP 360 
MACHINE CYCLE 
EVENT ANGLES 
INTO BOTTLE 
FORMING PROCESS 
EVENT TIMES 



66 



• EVENT 
TIMES 



MOTION DURATIONS 



CONTROL FOR AN I.S. MACHINE 

JONATHAN S. SIMON 
09/829,748 ( 5346-05 ) 



FIG. 15 



EVENT TIMES 

MACHINE CYCLE 
TIME 



68 

ANALYSE AN 
UNWRAPPED 
SCHEDULE RE 
CONSTRAINTS 



THERE 
WILL BE A 
CONSTRAINT 
VIOLATION ? 



YES 



OUTPUT 
CONSTRAINT 
VIOLATION(S) 



NO 



MOTION DURATIONS 
SUBMOTION DURATIONS 

COLLISION BRANCH 
LOWER LIMITS 

SEQUENCE BRANCH 
LOWER LIMITS 

THERMAL FORMING 
PROCESS DURATION 
"N" LIMITS 



YES 



OPERATE 
ALARM +/OR 
REFECT 
INPUTS 



74 



OUTPUT THE CALCULATED 
MARGINS 



78 



WRAP THE EVENT TIMES INTO EVENT 
ANGLES AND PRINT EVENT ANGLES 
AND NEW MACHINE CYCLE TIME 



79 



CONTROL FOR AN I.S. MACHINE 
JONATHAN S. SIMON 
09/829,748 (5346-05) 



FIG. 16 



EVENT TIMES 

MACHINE CYCLE 
TIME 



ANALYZE AN 
UNWRAPPED 
SCHEDULE RE 
THERMAL FORMING 
PROCESS DURATIONS 



OUTPUT THE 
THERMAL FORMING 
PROCESS 
DURATIONS 



80 



MOTION DLHRATIONS 
SUBMOTION DURATIONS 

THERMAL FORMING 
PROCESS DURATION "N" 
LIMITS 



82 



OUTPUT THERMAL 
FORMING PROCESS 
DURAITON "N" MARGINS 



81 



CONTROL FOR AM x.b. .v^c.^^aii, 
JONATHAN S. SIMON 
09/829,748 (5346-05) 



FIG. 17 



82 



MOTION 
DURATIONS 

SUBMOTION 
DURATIONS 



OPTIMIZE 
UNWRAPPED 
SCHEDULE FOR 
MINIMUM CYCLE TIME 



COLLISION 
BRANCH 
LOWER LIMITS 

SEQUENCE 
BRANCH 
LOWER 
LIMITS 



• EVENT TIMES 

AND 

• MACHINE CYCLE TIME 

OR 

• THERMAL FORMING 
PROCESS DURATIONS 

• MACHINE CYCLE TIME 

• OPTIMIZED MACHINE 

CYCLE TIME 

• LOCK STATUS 
•TARGET 



THERE 
IS 

A FEASIBLE 
SCHEDULE 



NO 


REJECT 




THE INPUTS 



85 



YES 



V 

WRAP OPTIM 
TIMES INTO E^ 


[IZED EVENT ^ 
/ENT ANGLES 






PRINT THE EVENT ANGLES ^ 
AND THE NEW MACHINE 
CYCLE TIME 



84 



86 



CONTROL FOR AN I.S. MACHINE 
JONATHAN S. SIMON 
09/829,748(5346-05) 



FIG. 1 8 



88 



MOTION 
DURATIONS 

SUBMOTION 
DURATIONS 



OPTIMIZE 
UNWRAPPED 
SCHEDULE 



THERMAL FORMING 
PROCESS DURATION "N" 



COLLISION 
BRANCH 
LOWER LIMITS 

SEQUENCE BRANCH 
LOWER LIMITS 

EITHER 

EVENT TIMES 
AND 

MACHINE CYLCLE XTHERE 
TIME / IS 

^ A FEASIBLE 
OR X SCHEDULE 

THERMAL FORMING 
PROCESS DURATIONS 



YES 



90 



NO 

> 


REJECT 




THE INPUTS 



92 



OUTPUT THERMAL 
FORMESfG PROCESS 
DURATIONS 



89 



WRAP OPTIMIZED EVENT 
TIMES INTO EVENT ANGLES 



1 



PRINT EVENT ANGLES 
AND THE NEW MACHINE 
CYCLE TIME 



CONTROL FOR AN I.S. MACn.Ai 
JONATHAN S. SIMON 
09/829,748 (5346-05) 



FIG. 19 



MACHINE CYCLE 
TIME 

EVENT TIMES 
MOTION DURATIONS 
SUBMOTION DURATIONS 
THERMAL FORMING 
PROCESS DURATIONS 
COLLISION BRANCH DURATION 
SEQUENCE BRACK DURATIONS 



96 

OPTIMIZE THE 
UNWRAPPED 
SCHEDULE 



• MIN/MAX MOTION 
DURATION "N" 

• MIN/MAX THERMAL 
FORMING PROCESS 
DURATION "N" 



MIN/MAX COLLISION 
BRANCH 

MIN/MAX SEQUENCE 
BRANCH "N" 



THERE 
IS 

A FEASIBLE 
SCEDULE 



NO 



LOOSEN 
LIMITS 



100 



YES 



SET COLLISIOr 
BRACNCHES T( 
ALL OTHER DU] 
AG Am OPTIMIZE 1 

SCHEI 


sf/SEQUENCE 
) MAX., LOCK 
ElATIONS AND 
^HE UNWRAPPPED 

)ULE 




f 


WRAP EVENT TIMES 
INTO EVENT ANGLES 






PRINT THE EVENT ANGLES 
AND THE NEW MACHINE 
CYCLE TIME 




V 


OUTPUT OPTIMIZED 
DURATIONS VS. LIMITS 



101 



102 



104 



106 



I 



CONTROL FOR AN LS. MACHINE 
JONATHAN S. SIMON 
09/829,748 (5346-05) 



FIG. 20 




OUTPUT THE 

ACTIVE 
CONSTRAINT 



FIG. 21 



OPTIMIZE 
UNWRAPPED 
SCHEDULE 




100 



NO 


LOOSEN 


> ^ 


LIMITS 



OPTIMIZE THE 
UNWRAPPED SCHEDULE 
LOCKING ALL VARIABLES 
EXCEPT SERVO 
MOTION DURATIONS AND 
SETTING TARGET SERVO MOTION 
DURATIONS AT LARGE VALUE 



113 



PRINT THE 
OPTIMIZED 
DURATION FOR 
SERVO MOTOR "N" 



DELIVER THE OPTIMIZED 
DURATION FOR SERVO 
MOTOR "N" TO SERVO 

MOTOR "N" CONTROLLER 



114 



ROUTE DURATION OF 
SERVO MOTOR "N" FROM 
SERVO MOTER "N" CONTROLLER 
TO SERVO MOTOR "N" 
AMPLIFIER DRIVE CARD 



116 



CHANGE TO OPTIMIZED 
DURATION IN AMPLIFIER 
DIGITAL SIGNAL PROCESSOR 



118 



